Objective: This study was aimed to test the PowerPlex ® 21 System (Promega, USA), used for human identification applications for its positive cross-species applicability in Chimpanzees (Pan troglodytes) in order to identify heterologous STRs which can be used for individual identification, paternity testing, relatedness establishment and reconstruction of pedigrees and studbook records for captive and wild chimpanzee breeding populations.
Introduction
Genetic assessment of free-ranging and captive populations is the key step towards effective formulation and prioritization of breeding policies in any conservation action plan. A few studies have provided direct evidence for an association between genetic variability and reproductive performance in natural populations [1, 2] . However, due to the limited technical expertise available with the zoo authorities, there is limited information about the genetic composition of the founders and potential breeders often limits formulation of an effective conservation plan. Studies suggest that descendants of small founders are more likely to suffer from inbreeding depression [3] [4] [5] and are more susceptible to various diseases and parasites [3, 6] Although several previous studies have reported STRs for chimpanzee [7] [8] [9] , utilization of crossspecies markers still provides an easy and rapid solution for profiling closely related species. Hence, data from a similar set of markers can be used in studying phylogeny, evolution and genetic divergence among closely related species [10] [11] [12] [13] . In this study, we used PowerPlex ® 21 System kit (Promega, USA) designed for humans to test for cross-amplification of the 21 STRs in chimpanzees.
In this study, we identified 19 loci from the PowerPlex ® 21 System (Promega, USA) that cross-amplified in a single multiplex reaction.
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Methods
Sample collection and DNA extraction
Hair samples from three Chimpanzees (two males and one female) were provided by the Zoo Officials in India. The samples were collected on commercially available hair sample collection cards, GeneSeek (http://www. neoge n.com/genes eek). Genomic DNA was extracted from hair follicles using Qiagen DNeasy Blood and Tissue kit (Qiagen, Germany) following the manufacturer's instructions. All DNA extraction procedures were done in aseptic conditions. 
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PCR and microsatellite genotyping
A commercial kit (PowerPlex ® 21 System, Promega, USA) designed for humans was used to amplify 21 loci in chimpanzees. The PowerPlex ® 21 System is used for human identification applications including forensic analysis, relationship testing and research use. The system allows co-amplification and four-color fluorescent detection of 21 loci (20 STR loci and Amelogenin), including D1S1656, D2S1338, D3S1358, D5S818, D6S1043, D7S820, D8S1179, D12S391, D13S317, D16S539, D18S51, D19S433, D21S11, Amelogenin (henceforth Aml), CSF1PO, FGA, Penta D, Penta E, TH01, TPOX and vWA [14] [15] [16] . PCR was conducted with the PowerPlex ® 21 5X Master Mix, PowerPlex ® 21 5X Primer Pair Mix and sterile water, amplification grade, following manufacturer's instructions (Promega, USA). We also included positive and negative control reactions to monitor PCR contamination. All the amplification reaction were performed on GeneAmp 9700 thermocycler (Applied Biosystems, USA) in a total volume of 25 µl. Thermal cycling condition was followed as per the PowerPlex ® 21 System (Promega, USA). The amplified PCR products were subjected for the fragment analysis on the ABI 3130 Genetic Analyzer (Applied Biosystems, USA).
Statistical analysis
Raw data was processed for sizing of alleles using GeneMapper 3.7 (Applied Biosystems, USA). After scoring and re-arrangement of multi-locus genotype data was processed further for the assessment of genetic diversity estimates. Estimates of genetic diversity, including observed number of alleles per locus (Na), effective number alleles (Ne), inbreeding coefficient (F), observed (Ho) and expected heterozygosity (He), were obtained using using GENEALEX version 6.41 software [17] .
Results
Out of 21 STRs in the PowerPlex
® 21 System (Promega, USA), two loci (D5S818 and D12S391) failed to amplify across the chimpanzee samples and 19 loci were found to be polymorphic. Locus Aml, a non-STR marker, demonstrates differential banding patterns in males and females humans [18, 19] , and a similar pattern was seen for chimpanzees, with females showing a 78 bp allele and the male 78 bp and 84 bp alleles. Thus, the PowerPlex ® 21 System has discriminating power in correctly assigning sexes in Chimpanzees, hence an extended developmental validation of the PowerPlex ® 21 System. Altogether, 58 different alleles were found across 19 loci. The number of observed alleles ranged from 5 (D1S1656, D2S1338 & D19S433) to 1 (TH01), with an overall mean number of alleles per locus of 3.05 ± 0.28. The observed number of alleles for all loci exceeded the effective number of alleles, with mean observed 3.05 ± 0.28 (Table 1) . Mean Observed (Ho), and expected heterozygosity (He) were 0.93 ± 0.03 and 0.52 ± 0.05, respectively. The mean unbiased expected heterozygosity (UHe) was 0.63 ± 0.06.. The fixation index (F), a representation of inbreeding was in negative, i.e., − 0.89 ± 0.17, representing an outbred population. Observed profiles of seven loci, (D1S1656, D16S539, D2S1338, D21S11, D7S820, D8S1179, and D19S433) exhibited to be relatively more heterozygous and showed numerous alleles, i.e. ≥ four alleles/locus, indicating a strong signature that these three animals are genetically unrelated and might have come from the different genetic tracts.
Seven loci were relatively more heterozygous and contained ≥ four alleles/locus (Table 2) , indicating a strong signature that these three animals are genetically unrelated and might have come from different genetic background.
Discussion
This study has been the first attempt to establish human identification STR kit-PowerPlex ® 21 System (Promega, USA) in chimpanzee, extending developmental validation of the PowerPlex ® 21 System for individual identification and molecular sexing of chimpanzees. The results showed high genetic variability in the analyzed individuals and three chimps were genetically distinct and with no evidence of inbreeding.
This system can be used for population estimation following capture-mark-recapture methods with larger sample sizes, assigning population genetic structure in wild populations, demographic history, and investigating gene flow and other associated parameters of Chimps in wild and captivity.
Limitations
This study identified heterologous microsatellites for Chimps and include as such no potential limitations. However, if we had more number of chimpanzee samples (reference and pellets), we could certainly propose the combination of microsatellites based on probability of identity (P ID ) and probability of identity for siblings (P SIB ) that can be used for individual identification through mark-recapture analysis. 
